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(54) Hybrid vehicle capable of reducing NOx emissions and method of operating same 



(57) In a hybrid vehicle including an internal com- 
bustion engine (1 ), an electric motor (4), a generator (3), 
a battery (9), and a catalytic converter (11) disposed in 
an exhaust system of the engine, a determination is 
made as to whether a condition for stopping the engine 
is established, based on an operating state of the vehi- 
cle. Then, the fuel supply to the engine is cut off when 
the condition for stopping the engine is established, and 
a load (for example, a load of the generator) is applied 
to the engine so as to restrict rotation of the engine. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] The invention relates generally to a hybrid ve- 
hicle that is driven by a suitable combination of an inter- 
nal combustion engine and an electric motor, in view of 
savings of energy resources and environmental protec- 
tion, and in particular to such a hybrid vehicle, and meth- 
od of operating same, in which the quantity of NOx dis- 
charged or released into the atmosphere is reduced. 

2. Description of Related Art 

[0002] it has been proposed to temporarily stop an in- 
ternal combustion engine of a vehicle, such as an auto- 
mobile, during an operation of the vehicle, for the sake 
of savings of energy resources and environmental pro- 
tection, when certain conditions under which the engine 
is allowed or desired to be temporarily stopped are es- 
tablished. In fact, this technology has been implemented 
in some types of automobiles. The conditions for tem- 
porarily stopping the engine may be established when, 
for example, the vehicle stops at a red traffic light, or the 
vehicle stops or travels at a considerably low speed be- 
cause of a traffic jam, or the like. 
[0003] The above-described technology of temporar- 
ily stopping the engine may be employed in a hybrid ve- 
hicle including an engine, an electric motor, a generator 
and a battery. In the hybrid vehicle, power can be trans- 
mitted among the engine, the motor and the generator, 
and the motor uses the battery as an electric power sup- 
ply. The hybrid vehicle may be driven by one or both of 
the engine and the motor. Namely, the hybrid vehicle 
runs by means of a selected one or both of the output 
of the engine and the output of the motor. Furthermore, 
the generator is driven when appropriate by utilizing one 
or both of the output of the engine and the inertia of the 
running vehicle, so as to charge the battery. A known 
example of a hybrid vehicle is disclosed in Japanese 
Laid-open Patent Publication No. 7-255104. 
[0004] The hybrid vehicle as described above has 
been developed so as to achieve improved environmen- 
tal protection as one of its important objects. To accom- 
plish this object, an exhaust system of the engine is pro- 
vided with a catalytic converter including a catalyst, such 
as a three-way catalyst, for removing harmful substanc- 
es, such as NOx, CO and HC, which are contained in 
exhaust gases emitted from the engine. 
[0005] The hybrid vehicle as described above is able 
to operate appropriately even with a considerably high 
frequency of stopping of the engine, provided that the 
combination of the engine and the electric motor, along 
with the generator and the battery, operates in a well- 
balanced manner in accordance with operating or driv- 
ing circumstances of the vehicle. However, the following 
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problem arises if the catalytic converter is provided in 
the exhaust system of the hybrid vehicle that undergoes 
frequent stoppage of the engine. Namely, while the en- 
gine is stopped by initially cutting off fuel supply into the 

5 engine, the engine that has been rotating does not im- 
mediately stop rotating due only to the cut-off of the fuel 
supply, but rather keeps rotating for a while due to iner- 
tia. During the continued rotation of the engine, intake 
air that is rich in oxygen is discharged as it is into the 

10 catalytic converter, and the oxygen is trapped or stored 
in the catalytic converter each time the engine is 
stopped. If the engine is re-started in this condition, HC 
or CO that is fed to the catalytic converter along with 
NOx in the exhaust gas tends to react with the oxygen 

15 stored in the catalytic converter, rather than reacting 
with NOx under the effect of the catalytic converter so 
as to convert NOx into harmless N 2 . Consequently, an 
undesirably large quantity of NOx is discharged from the 
engine without being removed by the catalytic converter. 

20 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the invention to pro- 
vide a hybrid vehicle that is able to reduce the quantity 
25 of NOx emitted from an engine, by preventing a catalytic 
converter from storing a large quantity of oxygen, and 
to a method of operating same. 

[0007] To accomplish the above and/or other objects, 
there is provided according to one aspect of the inven- 
30 tion a hybrid vehicle including: (a) a powertrain including 
an internal combustion engine, an electric motor, and a 
generator which are operatively connected to each oth- 
er, at least one of an output of the engine and an output 
of the electric motor being utilized for running the hybrid 
35 vehicle, (b) a battery electrically connected to the elec- 
tric motor and to the generator, the electric motor using 
the battery as an electric power supply, at least one of 
the output of the engine and inertiaof the running hybrid 
vehicle being utilized for driving the generator so as to 
40 charge the battery, and (c) a catalytic converter dis- 
posed in an exhaust system of the engine so as to purify 
an exhaust gas emitted from the engine. In the hybrid 
vehicle, a controller determines whether a condition for 
stopping the engine is established, based on an oper- 
as ating state of the vehicle, and cuts off fuel supply to the 
engine when the condition for stopping the engine is es- 
tablished. After cutting off fuel supply to the engine, a 
load (e.g., a load of the generator) is applied to the en- 
gine so as to restrict rotation of the engine. Thus, the 
50 generator gives resistance to rotation of the engine, 
thereby preventing the engine from rotating due to iner- 
tia soon after the fuel supply is cut off. Since a large 
quantity of intake air that is rich in oxygen is thus pre- 
vented from being discharged from the rotating engine 
55 into the catalytic converter, it is possible to reduce the 
quantity of NOx that is released to the atmosphere with- 
out being removed by the catalytic converter upon a re- 
start of the engine. 
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[0008] In one preferred embodiment of the invention, 
the temperature of the catalytic converter is determined 
through detection or estimation, and the engine is kept 
rotating (i.e. : the fuel supply to the engine is not cut off) 
-J irrespective of establishment of the condition for stop- 

ping the engine if the temperature of the catalytic con- 
verter is higher than a predetermined threshold level. 
When the vehicle is in an operating state in which the 
catalyst temperature is higher than the predetermined 
threshold level, the catalytic converter is more likely to 
trap oxygen contained in the exhaust gas. If the condi- 
tion for stopping the engine is established while the ve- 
hicle is in this operating state, a control operation to stop 
the engine is not performed or is temporarily suspended. 
Thus, oxygen contained in the intake air is prevented 
from being trapped by and stored in the catalytic con- 
verter, and the quantity of NOx that is released to the 
atmosphere without being removed by the catalytic con- 
verter is reduced. In this case, the total time during which 
the engine is stopped may be reduced, but it is still ad- 
vantageous to keep the engine rotating rather than stop- 
ping the engine, in view of the savings of the energy re- 
sources and the environmental protection. 
[0009] In another preferred embodiment of the inven- 
tion, the hybrid vehicle further includes a shut-off valve 
disposed upstream of the catalytic converter in the ex- 
haust system of the engine, and the shut-off valve is 
closed when the engine is stopped. With the shut-off 
valve thus closed, exhaust gas that is emitted during 
idling of the engine after cut-off of fuel supply is blocked 
at a point upstream of the catalytic converter, and thus 
oxygen contained in the exhaust gas is prevented from 
being trapped by and stored in the catalyst. When the 
shut-off valve is opened upon a re-start of the engine, 
the same quantity of oxygen as that blocked by the shut- 
off valve flows into the catalytic converter, but the ability 
of the catalyst to remove NOx from the exhaust gas is 
not deteriorated so much as that in the case where no 
shut-off valve is provided upstream of the catalytic con- 
verter and excessive oxygen is stored in the catalytic 
converter before the engine is re-started. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and/or further objects, features 
and advantages of the invention will become more ap- 
parent from the following description of preferred em- 
bodiments with reference to the accompanying draw- 
ings, in which like numerals are used to represent like 
elements and wherein: 

Fig. 1 is a view schematically showing the construc- 
tion of a power-train system of a hybrid vehicle ac- 
cording to one preferred embodiment of the inven- 
tion; 

Fig. 2 is a flowchart illustrating one example of driv- 
ing control including control of stopping the engine 
of the hybrid vehicle according to an embodiment 



of the invention; and 

Fig. 3 is a view schematically showing a modified 
example of the power-train system of the hybrid ve- 
hicle as shown in Fig. 1 . 

5 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0011] Fig. 1 schematically shows the construction of 

10 a power-train system employed in a hybrid vehicle ac- 
cording to one preferred embodiment of the invention. 
In Fig. 1 , an internal combustion engine 1 is operatively 
connected to a generator 3 and a motor 4 via a drive 
coupling device 2 including a planetary gear set, such 

'5 that power is transmitted among the engine t , the gen- 
erator 3 and the motor 4. The engine 1 , the drive cou- 
pling device 2, the generator 3 and the motor 4 consti- 
tute a drive assembly for driving the hybrid vehicle. A 
transmission 5 is coupled to the drive assembly via a 

20 shaft of the motor 4. In operation, power is transmitted 
between the drive assembly of the engine 1 , the gener- 
ator 3, and the motor 4, and drive wheels 6a, 6b of the 
vehicle, via the transmission 5 and a pair of driving axles 
7a, 7b. In the embodiment of Fig. 1 , a differential gear 

25 system 8 is incorporated in the transmission 5, such that 
power for rotating the wheels 6a, 6b may be differentially 
transmitted to the driving axles 7a, 7b via the transmis- 
sion 5. 

[001 2] A battery 9 is electrically connected to the gen- 
30 erator 3 and to the motor 4 via an inverter 1 0. The gen- 
erator 3 functions to charge the battery 9 by generating 
power when the vehicle is driven under its inertia (e.g., 
during coasting or braking of the vehicle) or by the en- 
gine 1 during deceleration. The motor 4 functions to 
35 drive the vehicle as needed, using the battery 9 as an 
electric power supply. While the generator 3 and the mo- 
tor 4 are separately provided in the embodiment of Fig. 
1, a so-called "motor/generator" as an integral device 
may be employed in place of the generator 3 and the 
40 motor 4. The motor/generator selectively functions as a 
motor or as a generator, and the function of the motor/ 
generator may be changed through switching of an elec- 
tric circuit incorporated therein. 

[001 3] A catalytic converter 1 1 in the form of a th ree- 
45 way catalyst, or the like, is provided in an exhaust sys- 
tem of the engine t . An electronic control unit 12 controls 
the operations of the engine 1 , the generator 3, the mo- 
tor 4 and the transmission 5 in the manners as described 
below, so as to operate the hybrid vehicle according to 
50 the invention. The electronic control unit 12 receives 
various types of information relating to the operation of 
the vehicle, which information may include a signal in- 
dicative of an amount Dp of depression of an accelerator 
pedal, a signal indicative of a vehicle speed Sv, a signal 
55 indicative of a temperature Te of the engine 1 , and a 
signal indicative of a temperature Tc of the catalytic con- 
verter 1 1 . 

[001 4] Referring next to the flowchart of Fig. 2, the op- 
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eration of the hybrid vehicle constructed as shown in 
Fig. 1 will be described in detail. It is to be understood 
that the flowchart of Fig. 2 illustrates all possible control 
steps that may be executed for controlling the hybrid ve- 
hicle according to various aspects of the invention, but 
all of these steps are not necessarily required for prac- 
ticing the invention. In other words, one or more of the 
steps illustrated in the flowchart of Fig. 2 may be omitted, 
as described later. 

[001 5] When the vehicle starts operating upon closing 
(turn-on) of a key switch (not shown), step S1 0 is initially 
executed to read necessary data., such as the amount 
Dp of depression of the accelerator pedal, the vehicle 
speed Sv, the engine temperature Te, and the catalyst 
temperature Tc, as shown in Fig. 1 . In step S20, driving 
control of the vehicle is performed on the basis of the 
data read in step S10. The driving control may include, 
among other things, vehicle speed control and steering 
control in accordance with a steering operation by a driv- 
er of the vehicle. While the driving control is performed 
in accordance with the drivers intention, it is determined 
in step S30 whether a condition or conditions for stop- 
ping the engine 1 during the operation of the vehicle is/ 
are established. If a negative decision (NO) is obtained 
in step S30, namely, if the conditions for stopping the 
engine are not established, the current cycle of the con- 
trol routine is terminated, and control returns to step 
S10. 

[001 6] When it is determined in step S30 that the con- 
ditions for stopping the engine are established, namely, 
when the engine 1 is allowed or desired to be temporar- 
ily stopped, control proceeds to step S40. The condi- 
tions are established, for example, when the vehicle 
stops at a red traffic light for a predetermined period of 
time or longer, or the vehicle runs at a considerably low 
speed or stops for a predetermined period of time or 
longer. lnstepS40, it is determined whether the catalyst 
temperatureTcisequalto or lowerthan a predetermined 
threshold level To. If an affirmative decision (YES) is ob- 
tained in step S40, control proceeds to step S50. If a 
negative decision (NO) is obtained in step S40, the cur- 
rent cycle of the control routine is terminated, and con- 
trol returns to step S10 without performing engine stop 
control as described below. The threshold level To of the 
catalyst temperature is determined such that when the 
temperature of the catalytic converter 11 is higher than 
the threshold level To, it is more advantageous to keep 
the engine 1 operating without temporarily stopping it in 
view of the quantity of NOx emitted from the engine 1 , 
ratherthan to temporarily stop the engine 1 forthe sake 
of saving the fuel. In this connection, it is to be noted 
that some NOx is inevitably emitted from the engine 
even when the engine is re-started after it is stopped in 
the manner as described below by executing steps S50 
to S90, though the quantity of NOx thus emitted can be 
reduced through the engine stop control of steps S50 to 
S90. 

[0017] The above-described step S40, however, is 



6 

not essential to the principle of the invention, and there- 
fore this step may be omitted. According to the principle 
of the invention, when the conditions for stopping the 
engine 1 are established, fuel supply to the engine 1 is 
5 cut off or stopped, and then a load of the generator 3 is 
applied to the engine 1 so as to restrict or suppress ro- 
tation of the engine 1 . In other words, the generator 3 
gives resistance to rotation of the engine 1 , thereby in- 
hibiting the engine from rotating due to its inertia soon 
10 after cut-off of the fuel supply. The engine will stop ro- 
tating much more quickly when the load of the generator 
is applied to it than it would if the load of the generator 
is not applied to the engine. Since intake air that is rich 
in oxygen is thus prevented as far as possible from being 
15 discharged from the engine into the catalytic converter, 
it is possible to reduce the quantity of NOx that is re- 
leased to the atmosphere without being removed by the 
catalytic converter upon a re-start of the engine. 
[0018] Turning to the flowchart of Fig. 2, if an affirm- 
20 ative decision (YES) is obtained in step S40 (or in step 
S30 if step S40 is not performed), control proceeds to 
step S50 to cut off fuel supply to one of the cylinders of 
the engine 1 , and then successively cut off fuel supply 
to the remaining cylinders. Then, the engine stop control 
25 according to the invention is performed in the following 
steps. In this embodiment, a load of the generator 3 is 
initially maximized in step S60, and the maximized load 
is applied to the engine 1 . Generally, the engine is tem- 
porarily stopped when the vehicle is temporarily stopped 
30 or runs at a considerably low speed. In such cases, the 
driving axles 7a, 7b are probably disconnected from the 
engine 1 and the generator 3 by the transmission 5, or 
may be disconnected from the engine 1 and the gener- 
ator 3 without causing any problem. If the electronic con- 
35 trol unit 1 2 performs control to disconnect the axles 7a, 
7b from the engine 1 and the generator 3 ; almost no 
shock is transmitted to the drive wheels even if the max- 
imum load of the generator 3 is applied to the engine 1 
to rapidly restrict rotation of the engine 1 . 
40 [0019] In step S70, it is determined whether the en- 
gine speed Ne is equal to or lower than a predetermined 
threshold value N1 (which is equal to, for example, 
about 100rpm). Namely, the maximum load of the gen- 
erator 3 is kept applied to the engine 1 until the engine 
45 speed Ne is reduced down to the threshold value N1 . If 
an affirmative decision (YES) is obtained in step S70, 
control proceeds to step S80 to perform PID (Propor- 
tional-Integral-Differential) control of the generator load. 
The PID control is terminated when it is determined in 
so step S90 that the engine speed Ne is equal to or lower 
than a predetermined threshold value N2 (which is equal 
to, for example, about 1 0rpm). While the generator load 
is applied in two different ways in the present embodi- 
ment, the control operations performed in steps S60 and 
55 S70 or the control operations performed in steps S80 
and S90 may be omitted. It is to be understood that the 
' maximum load of the generator 3 in step S60 does not 
necessarily mean the maximum load that can be applied 
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by the generator 3, but may be a sufficiently large load 
of the generator that can be applied to the engine at a 
time to rapidly restrict rotation of the engine 1 . 
[0020] Fig. 3 shows another embodiment of the inven- 
tion in which a shut-off valve 1 3 is provided upstream of 
the catalytic converter 11 in the engine exhaust system 
of Fig. 1 . The shut-off valve 1 3 thus provided is opened 
and closed under control of the electronic control unit 
12. If the shut-off valve 13 is closed in suitable timing 
following cut-off of fuel supply in step S50, while the en- 
gine stop control is being performed in steps S60 to S90, 
exhaust gas that is rich in oxygen is prevented from im- 
mediately entering the catalytic converter after the cut- 
off of the fuel supply. Although the exhaust gas that has 
been blocked by the shut-off valve 13 must be dis- 
charged through the catalytic converter 1 1 when the en- 
gine is re-started, the oxygen that is contained in the 
exhaust gas but not trapped or stored in the catalytic 
converter is less likely to impede or affect removal of 
NOx through reaction with HC or CO. Thus, the shut-off 
valve 13 prevents oxygen from being trapped or stored 
in the catalyst, so as to reduce the quantity of NOx emit- 
ted from the engine when the engine is re-started. 
[0021] It is also possible to apply a load to the engine 
other than a load from the generator. However, it is par- 
ticularly advantageous to apply a load from the genera- 
tor to the engine since the generator already is selec- 
tively connectable to the engine (e.g., it is coupled to the 
engine when the engine is used to drive the generator 
in order to charge the battery), and therefore no addi- 
tional structure is needed. 

[0022] In the illustrated embodiment, a controller (the 
ECU 12) is implemented as a programmed general pur- 
pose computer. It will be appreciated by those skilled in 
the art that the controller can be implemented using a 
single special purpose integrated circuit (e.g. : ASIC) 
having a main or central processor section for overall, 
system-level control, and separate sections dedicated 
to performing various different specific computations, 
functions and other processes under control of the cen- 
tral processor section. The controller can be a plurality 
of separate dedicated or programmable integrated or 
other electronic circuits or devices (e.g., hardwired elec- 
tronic or logic circuits such as discrete element circuits, 
or programmable logic devices such as PLDs, PLAs, 
PALs or the like). The controller can be implemented us- 
ing a suitably programmed general purpose computer, 
e.g., a microprocessor, microcontroller or other proces- 
sor device (CPU or MPU), either alone or in conjunction 
with one or more peripheral (e.g., integrated circuit) data 
and signal processing devices. In general, any device 
or assembly of devices on which a finite state machine 
capable of implementing the procedures described 
herein can be used as the controller. A distributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 
[0023] While the invention has been described with 
reference to preferred embodiments thereof, it is to be 



understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 

5 ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the scope of the invention. 

10 [0024] In a hybrid vehicle including an internal com- 
bustion engine (1 ), an electric motor (4), a generator (3), 
a battery (9), and a catalytic converter (11) disposed in 
an exhaust system of the engine, a determination is 
made as to whether a condition for stopping the engine 

15 is established, based on an operating state of the vehi- 
cle. Then, the fuel supply to the engine is cut off when 
the condition for stopping the engine is established, and 
a load (for example, a load of the generator) is applied 
to the engine so as to restrict rotation of the engine. 

20 

Claims 

1 . A hybrid vehicle including: (a) a power train includ- 
es ing an internal combustion engine (1), an electric 

motor (4), and a generator (3), which are operatively 
connected to each other, at least one of an output 
of the engine and an output of the electric motor be- 
ing utilized for running the hybrid vehicle, (b) a bat- 
so tery (9) electrically connected to the electric motor 
and to the generator, the electric motor using the 
battery as an electric power supply, at least one of 
the output of the engine and inertia of the running 
hybrid vehicle being utilized for driving the genera- 
ls tor so as to charge the battery, and (c) a catalytic 
converter (11) disposed in an exhaust system of the 
engine so as to purify an exhaust gas emitted from 
the engine, the hybrid vehicle being characterized 
by comprising: 

40 

means (S30) for determining whether a condi- 
tion for stopping the engine is established, 
based on an operating state of the vehicle; 
means (S50) for cutting off fuel supply to the 
45 engine when the condition for stopping the en- 

gine is established; and 

means (S60) for applying a load to the engine 
so as to restrict rotation of the engine upon the 
cutting off of the fuel supply to the engine. 

50 

2. A hybrid vehicle including: (a) a power train includ- 
ing an internal combustion engine (1), an electric 
motor (4), and a generator (3), which are operatively 
connected to each other, at least one of an output 

ss of the engine and an output of the electric motor be- 
ing utilized for running the hybrid vehicle, (b) a bat- 
tery (9) electrically connected to the electric motor 
and to the generator, the electric motor using the 
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battery as an electric power supply, at least one of 
the output of the engine and inertia of the running 
hybrid vehicle being utilized for driving the genera- 
tor so as to charge the battery, and (c) a catalytic 
converter (1 1 ) disposed in an exhaust system of the 
engine so as to purify an exhaust gas emitted from 
the engine, the hybrid vehicle being characterized 
by comprising: 

means (S30) for determining whether a condi- 
tion for stopping the engine is established, 
based on an operating state of the vehicle- 
means (S50) for cutting off fuel supply to the 
engine when the condition for stopping the en- 
gine is established; and 
means (S60) for applying a load of the genera- 
tor to the engine upon the cutting off of the fuel 
supply to the engine. 

3. A hybrid vehicle according to claim 1 or claim 2, fur- 
ther comprising: 

meansfordeterminingatemperature ofthecat- 
alytic converter; and 

means for keeping the engine rotating irrespec- 
tive of establishment of the condition for stop- 
ping the engine if the determined temperature 
of the catalytic converter is higher than a pre- 
determined threshold level. 

4. A hybrid vehicle according to claim 1 or 2, wherein 
a shut-off valve (13) is disposed upstream of the 
catalytic converter in the exhaust system of the en- 
gine, and wherein the shut-off valve is closed upon 
the cutting off of the fuel supply to the engine. 

5. A hybrid vehicle according to claim 1 or 2, wherein 
the electric motor (4) and the generator (3) are in- 
tegrated as a motor/generator that selectively func- 
tions as the motor or as the generator. 

6. A hybrid vehicle according to claim 1 or 2, wherein 
the condition for stopping the engine is established 
when the vehicle is stopped for a predetermined pe- 
riod of time or longer. 45 

7. A hybrid vehicle according to claim 2, wherein the 
load of the generator applied to the engine is con- 
trolled in a first manner until a speed of the engine 
is reduced to a first threshold value, and is then con- 
trolled in a second manner when the speed of the 
engine is reduced from the first threshold value to 
a second threshold value that is lower than the first 
threshold value. 



A hybrid vehicle according to claim 7, wherein the 
load of the generator applied to the engine is sub- 
jected to Proportional-lntegral-Differential control 



when the speed of the engine is reduced from the 
first threshold value to the second threshold value. 

9. A hybrid vehicle according to claim 2, wherein the 
load of the generator is applied to the engine until 
a speed of the engine becomes less than a thresh- 
old speed. 

10. A method of controlling a hybrid vehicle that in- 
cludes: (a) a power train including an internal com- 
bustion engine (1 ), an electric motor (4), and a gen- 
erator (3), which are operatively connected to each 
other, at least one of an output of the engine and an 
output of the electric motor being utilized for running 
the hybrid vehicle : (b) a battery (9) electrically con- 
nected to the electric motor and to the generator, 
the electric motor using the battery as an electric 
power supply, at least one of the output of the en- 
gine and inertia of the running hybrid vehicle being 
utilized for driving the generator so as to charge the 
battery, and (c) a catalytic converter (11) disposed 
in an exhaust system of the engine so as to purify 
an exhaust gas emitted from the engine, the method 
comprising the steps of: 

determining whether a condition for stopping 
the engine is established, based on an operat- 
ing state of the vehicle; 

cutting off fuel supply to the engine when the 
condition for stopping the engine is estab- 
lished; and 

applying a load to the engine so as to restrict 
rotation of the engine upon the cutting off of the 
fuel supply to the engine. 

35 

11. A method of controlling a hybrid vehicle that in- 
cludes: (a) a power train including an internal com- 
bustion engine (1 ), an electric motor (4), and a gen- 
erator (3), which are operatively connected to each 
40 other, at least one of an output of the engine and an 
output of the electric motor being utilized for running 
the hybrid vehicle : (b) a battery (9) electrically con- 
nected to the electric motor and to the generator, 
the electric motor using the battery as an electric 
power supply, at least one of the output of the en- 
gine and inertia of the running hybrid vehicle being 
utilized for driving the generator so as to charge the 
battery, and (c) a catalytic converter (11) disposed 
in an exhaust system of the engine so as to purify 
an exhaust gas emitted from the engine, the method 
comprising the steps of: 

determining whether a condition for stopping 
the engine is established, based on an operat- 
55 ing state of the vehicle; 

cutting off fuel supply to the engine when the 
condition for stopping the engine is estab- 
lished; and 
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applying a load of the generator to the engine 
upon the cutting off of the fuel supply to the en- 
gine. 

12. A method according to claim 1 0 or 1 1 , further com- 5 
prising: 

determining a temperature of the catalytic con- 
verter; and 

keeping the engine rotating irrespective of es- 10 
tablishment of the condition for stopping the en- 
gine if the determined temperature of the cata- 
lytic converter is higher than a predetermined 
threshold level. 

15 

13. A method according to claim 1 0 or 1 1 , wherein the 
vehicle further includes a shut-off valve (13) dis- 
posed upstream of the catalytic converter in the ex- 
haust system of the engine, the method further 
comprising: 20 

closing the shut-off valve upon the cutting off of 
the fuel supply to the engine. 

1 4. A method according to claim 1 0 or 1 1 , wherein the 25 
electric motor (4) and the generator (3) are integrat- 
ed as a motor/generator that selectively functions 

as the motor or as the generator. 

1 5. A method according to claim 1 0 or 1 1 , wherein the 30 
condition for stopping the engine is established 
when the vehicle is stopped for a predetermined pe- 
riod of time or longer. 

16. A method according to claim 11, wherein the load 35 
of the generator applied to the engine is controlled 

in a first manner until a speed of the engine is re- 
duced to a first threshold value, and is then control- 
led in a second manner when the speed of the en- 
gine is reduced from the first threshold value to a 40 
second threshold value that is lower than the first 
threshold value. 

17. A method according to claim 16, wherein the load 

of the generator applied to the engine is subjected 45 
to Proportional-lntegral-Differential control when 
the speed of the engine is reduced from the first 
threshold value to the second threshold value. 

18. A method according to claim 11 , wherein the load 50 
of the generator is applied to the engine until a 
speed of the engine becomes less than a threshold 
speed. 



7 



BNSDOC1D: <EP 1201478A2_I_> 



EP 1 201 478 A2 



F I G. 1 




BNSDOCID: <EP_ 1 201 478A2_I_> 



8 



EP 1 201 478 A2 



F I G. 2 




( START ) 



READ DATA 



S30 



CONTROL DRIVING 
OF VEHICLE 




ENGINE STOP 
CONDITION ESTABLISHED? 



S40 




\ NO 



YES 



CATALYST 
TEMPERATURE Tc 



S50 



<To7> 



NO 



YES 



CUT OFF 
FUEL SUPPLY 



S60 



APPLY MAXIMUM 
LOAD OF GENERATOR 



NO 



S70 



Ne<N1 ? \ 



S80 



YES 



PERFORM PID CONTROL 
OF GENERATOR LOAD 



NO 



S90 




Ne<N2? 



YES 



( RETURN ) 



EMSDOCID: <EP 



1201478A2 I > 



EP 1 201 478 A2 



F I G. 3 




BNSDOCID: <EP J201478A2J_> 



10 



(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 1 201 478 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) lntCl7: B60K 6/04 




08.09.2004 Bulletin 2004/37 


(43) 


Date of publication A2: 






02.05.2002 Bulletin 2002/18 




(21) 


Application number: 01124869.7 




(22) 


Date of filing: 18.10.2001 




(84) 


Designated Contracting States: 


(72) Inventor: Suzuki, Naoto 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Toyota-shi, Aichi-ken 471-8571 (JP) 




MC NL PT SE TR 




Designated Extension States: 


(74) Representative: 




AL LT LV MK RO SI 


Leson, Thomas Johannes Alois, Dipl.-lng. 






Tiedtke-Buhling-Kinne & Partner GbR, 


(30) 


Priority: 25.10.2000 JP 2000325182 


TBK- Patent, 






Bavariaring 4 


(71) 


Applicant: TOYOTA JIDOSHA KABUSHIKI 


80336 Munchen (DE) 




KAISHA 




Aichi-ken 471-8571 (JP) 





CO 

< 

00 

o 

CM 

CL 
LU 



(54) Hybrid vehicle capable of reducing NOx emissions and method of operating same 



(57) In a hybrid vehicle including an internal com- 
bustion engine (1 ), an electric motor (4), a generator (3), 
a battery (9), and a catalytic converter (11) disposed in 
an exhaust system of the engine, a determination is 
made as to whether a condition for stopping the engine 
is established, based on an operating state of the vehi- 
cle. Then, the fuel supply to the engine is cut off when 
the condition for stopping the engine is established, and 
a load (for example, a load of the generator) is applied 
to the engine so as to restrict rotation of the engine. 
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